The aim of the study was the application and comparison of real-time PCR methods based on the fluorescence of SYBR Green I intercalating dye and TaqMan probes for the detection of the 23S rDNA gene of Listeria spp. and the hlyA gene of Listeria monocytogenes. Five strains of L. monocytogenes and single strains of each of the species:
Introduction
Listeria monocytogenes is a small Gram-positive rod. Besides L. monocytogenes, the genus Listeria includes the species L. ivanovii, L. inocua, L. welshimeri, L. grayi, and L. seeligeri. L. monocytogenes is responsible for the majority of infections in animals; however, infections caused by L. ivanovii and L. inocua have also been found. In humans, this bacterium causes nearly all Listeria infections, although infections caused by L. ivanovii and L. seeligeri have also sometimes been documented (5, 13) .
L. monocytogenes is widespread in the environment, especially in soil and water. More than 40 species of domestic animals and wildlife are carriers of the microorganism. There are many transmission paths of this bacterium among animals, between animals and man, and among people. The main source of infection for animals and humans is contaminated food, predominated by silage for animals and frozen food, meat, fish, unpasteurised milk, and dairy products for people (3, 13, 14) .
Listeriosis is an infectious disease of animals and humans and is considered a current epizootic and epidemiological issue. Interest in this disease is related to the increasing occurrence of outbreaks in industrial societies and its zoonotic character. In most industrialised countries, including the EU, the annual incidence of listeriosis ranges from 2 to 10 cases per million people (6) . The disease is characterised by a high mortality rate which may exceed 30% (4, 22) .
Identification of L. monocytogenes is based on the detection of the physiological and biochemical features typical for the genus and species of Listeria. The conventional microbiological methods for the identification of L. monocytogenes in biological material remain the gold standard. However, these methods are laborious and time consuming (5) .
The conventional PCR and real-time PCR methods used in the laboratory are valuable diagnostic tools (14) . Real-time PCR is a highly sensitive method for the determination of DNA and allows monitoring of the amount of product in each cycle of the reaction involved, making the procedure fast. In this method, nucleic acid amplification and detection of the product are carried out in the same sealed tube, which reduces the risk of sample contamination (8) . As the number of copies of amplified product increases, the sample fluorescence rises in real time. Measurement of fluorescence during real-time PCR permits estimation of the number of copies of the amplified DNA fragment. Intercalating dyes, including SYBR Green I, which emit light of a predetermined wavelength when bound to double-stranded DNA, may be used to obtain a fluorescent signal and achieve non-specific detection of the product. The second variant of real-time PCR, which allows specific detection of the product with the use of fluorescence resonance energy transfer, is based on the use of hybridised probes such as the TaqMan type (8, 11, 18) .
The aim of these studies was the use and comparison of real-time PCR methods based on the intercalating dye SYBR Green I and TaqMan probes to detect Listeria spp. and L. monocytogenes strains by the amplification of the 23S rDNA and hlyA genes respectively. Isolation of DNA. Each strain was streaked on tryptone soy yeast extract agar (TSYEA) medium. Cultures were incubated for 24 h at 37ºC, then a bacterial suspension with a density of 1 McF was prepared. One millilitre samples were centrifuged for 10 min at 13 000 rpm, and the supernatant was removed and the pellet used to isolate DNA with the DNeasy Blood and Tissue kit (Qiagen, USA). The remaining steps were performed according to the protocol specified by the manufacturer.
Material and Methods

Bacterial
The sensitivity and linearity of real-time PCRs were determined by the 10-fold dilution technique. The initial concentration of L. monocytogenes ATCC 13932 was about 1.5 × 10 6 CFU/reaction. SYBR Green I real-time PCR. A QuantiTect SYBR Green PCR kit (Qiagen, USA) was used in the studies. The reaction was performed in a 25 µL reaction mixture containing the appropriate concentration of each primer and 5 µL of DNA. One pair of primers detecting the 23S rDNA gene of the genus Listeria (19) and two pairs of primers amplifying the hlyA gene of L. monocytogenes (10, 15) were selected (Table 1 ) and synthesised by Genomed (Poland). Primer concentrations (0.1 µM, 0.25 µM, 0.5 µM, 1.0 µM, 1.5 µM, and 2.0 µM) were evaluated to optimise the reaction. Reactions were run on the RotorGene Q cycler (Qiagen, USA) and Rotor-Gene Q Series software version 2.0.2 with the following programme: 10 min at 95°C, and 40 cycles of 15 s at 95°C, 60 s at 60°C, and 90 s at 72°C. To confirm amplification specificity, the melting temperature of PCR products was determined by gradual raising of the reaction mixture temperature from 55°C to 95°C and continuous fluorescence measurements. TaqMan probe-based real-time PCR. A QuantiTect Probe PCR Kit (Qiagen) was used. The reaction was performed in a 25 µL reaction mixture containing the appropriate concentration of each primer and probe, and 5 µL of DNA. Based on the literature data, the sequences of three different pairs of primers and probes were selected (10, 15, 19) . The characteristics of the primers and probes for real-time PCRs are shown in Tables 1 and 2 . Just as for the SYBR Green I real-time PCR, the primers and probes were synthesised by Genomed (Poland). Primer concentrations (0.1 µM, 0.25 µM, 0.5 µM, 1.0 µM, 1.5 µM, and 2.0 µM) and probe concentrations (0.05 µM, 0.1 µM, and 0.2 µM) were evaluated to optimise the reaction. The reaction profile was as follows: 2 min at 50°C, 10 min at 95°C, and 50 cycles of 15 s at 95°C and 60 s at 63°C.
Results
In the first part of the study, three SYBR Green I real-time PCR methods were performed. The first method enabled confirmation of the strains as Listeria spp. by detecting the 23S rDNA gene and the two subsequent methods enabled confirmation of the strains as L. monocytogenes by detecting the hlyA gene. The first stage focused on the influence of different primer concentrations. It was found that in the case of SYBR Green I real-time PCR detecting the 23S rDNA gene with the L23SQ-F and L23SQ-R primers, their optimal concentration was 0.5 µM. In the case of hlyA gene detection with the hlyA-146-F and hlyA-146-R primers, the optimal concentration was 1.5 µM, whereas a concentration of 0.5 µM was selected for hlyA-177-F and hlyA-177-R primers.
Next, a genus-specific SYBR Green I real-time PCR was performed using L23SQ-F, L23SQ-R and Lin23SQ-FR primers. The presence of the 23S rDNA gene confirmed the nine tested strains as Listeria spp. The obtained Ct values ranged from 13.54 to 19.80. It was shown that the melting temperature of the reaction products synthesised with a QuantiTect SYBR Green PCR kit was between 79.8°C and 80.7ºC. The sensitivity was also established at 1.5 × 10 2 CFU/reaction (Fig. 1) . a) b) Fig. 1 . Determination of the sensitivity (a) and linearity (b) of genusspecific SYBR Green I real-time PCR with primers L23SQ-F and -R and Lin23SQ-FR Then, a species-specific SYBR Green I real-time PCR with hlyA-146-F and hlyA-146-R primers was performed. The hlyA gene permitted the confirmation of the five tested strains as L. monocytogenes species. Ct values ranged from 18.73 to 21.10. The specificity of amplification was confirmed by determination of the PCR product melting temperature. It was found that the melting temperature of the reaction products synthesised with a QuantiTect SYBR Green PCR Kit was 76°C to 78ºC. The sensitivity of the real-time PCR was 1.5 × 10 1 CFU/reaction (Fig. 2) . Amplification curves of the five L. monocytogenes strains were obtained with the third pair of primers: hlyA-177-F and hlyA-177-R. Ct values were 13.98 to 16.28. Specific amplification products dissociated at 75ºC to 76.5ºC, and the sensitivity was 1.5 × 10 1 CFU/reaction (Fig. 3) . In the next stage of the study, TaqMan probebased real-time PCR methods were applied. The concentrations for detecting the 23S rDNA gene with L23SQ-F, L23SQ-R, and Lin23SQ-FR primers, and L23SQ-TM probe, were set at the level of 0.5 µM for primers and 0.05 μM for the probe. For detection of the hlyA gene with hlyA-146-F and hlyA-146-R primers, and the hlyA-146-TM probe, the optimal concentrations were found to be 1.5 µM for primers and 0.1 µM for the probe. In the case of hlyA-177-F and hlyA-177-R primers, and the hlyA-177-TM probe, the concentrations of 0.5 µM for primers and 0.1 µM for the probe were chosen.
A genus-specific real-time PCR was performed using L23SQ-F, L23SQ-R, and Lin23SQ-FR primers, and the L23SQ-TM probe. The 23S rDNA gene allowed the confirmation of the nine examined strains as Listeria spp. Ct values ranged from 12.39 to 21.55, and the sensitivity was 1.5 × 10 1 CFU/reaction (Fig. 4) . A species-specific TaqMan probe-based real-time PCR was performed using hlyA-146-F and hlyA-146-R primers, and the hlyA-146-TM probe. The hlyA gene allowed the confirmation of the five examined strains as L. monocytogenes species. Ct values were 18.35 to 20.94, and the sensitivity was 1.5 × 10 1 CFU/reaction (Fig. 5) .
The amplification curves were obtained for the five strains of L. monocytogenes with the use of the third pair of hlyA-177-F and hlyA-177-R primers, and the hlyA177-TM probe. Ct values ranged from 14.80 to 17.57, and the sensitivity was 1.5 × 10 1 CFU/reaction (Fig. 6 ). (Figs 1b-6b) .
To demonstrate the specificity of SYBR Green I and TaqMan probe-based real-time PCRs, the genetic material obtained from five strains of
welshimeri, and L. seeligeri, and other microbial species including Bacillus cereus, Staphylococcus aureus, Escherichia coli, Salmonella Typhimurium, and Klebsiella pneumoniae was examined. These species may cause diseases with similar symptoms, including septicaemia. All realtime PCRs were highly specific. The analysis showed that specific amplification products were obtained using the 23S rDNA and hlyA genes which confirmed the tested strains as Listeria spp. and L. monocytogenes. Isolates of other microbial species did not yield real-time PCR products. 
Discussion
The presented method of real-time PCR permits the evaluation of the product amounts during the reaction, reduces the identification time, and minimises the risk of sample contamination. To determine the initial number of copies of the sequence examined, the threshold fluorescence value (Ct) is established. The more template copies in the test sample there were at the start of the reaction, the fewer PCR cycles were needed to exceed Ct value by the fluorescence level derived from the products. The use of SYBR Green I dye causes nonspecific amplification products (e.g. PCR primer dimers) to also be a source of fluorescence. For this reason, the analysis of product melting curves is required to determine the specificity of amplification (11, 18) . The use of TaqMan probes involves higher costs, but does not require additional analysis of melting curves to ensure the specificity of reaction. The effectiveness of real-time PCR depends on the appropriate optimisation of reaction conditions. The optimal concentration of pairs of primers was selected by testing different concentrations of each primer in SYBR Green I real-time PCRs. The concentrations giving the lowest Ct value with the lowest primer concentration were chosen for the study. The optimal concentrations of the pairs of primers and probes in TaqMan probe-based real-time PCRs were chosen similarly.
Applying real-time PCR allows the identification of a number of genes specific to the L. monocytogenes
